X-ray photoelectron ͑XPS͒, ultraviolet photoelectron ͑UPS͒, and Auger electron spectroscopy ͑AES͒ spectra are presented from epitaxial, single-crystal transition-metal ͑TM͒ nitride ͑ScN, TiN, VN, and CrN͒ layers, that were grown in situ in an ultrahigh-vacuum ͑UHV͒ magnetron sputter deposition system attached to the analysis chambers. The samples are near-stoichiometric with N/Me ratios determined by Rutherford backscattering spectroscopy ͑RBS͒, and contain no bulk or surface impurities detectable by XPS, AES, or RBS. The spectra therefore represent reliable reference data. We also present XPS and AES data from sputter-etched samples in order to quantitatively determine the effect of preferential sputtering of nitrogen in TM nitrides. Transition metal ͑TM͒ nitrides are well known for their remarkable physical properties including high hardness, physical strength, chemical inertness, and high temperature stability. As a result, they have become technologically important for applications such as hard wear-resistant coatings, diffusion barriers, and optical coatings. NaCl-structure TM nitrides exhibit large single-phase fields, i.e., they can sustain large vacancy concentrations on both cation and anion sublattices and are stable in the NaCl structure over a large composition range. TiN, for example, is stable for N/Ti ratios ranging from 0.6 to 1.2. Thus, a common challenge when depositing and analyzing these functional TM nitride coatings is the determination of composition, since the film properties are known to be strongly dependent on the anion-to-cation ratios ͑Ref. 1͒.
Transition metal ͑TM͒ nitrides are well known for their remarkable physical properties including high hardness, physical strength, chemical inertness, and high temperature stability. As a result, they have become technologically important for applications such as hard wear-resistant coatings, diffusion barriers, and optical coatings. NaCl-structure TM nitrides exhibit large single-phase fields, i.e., they can sustain large vacancy concentrations on both cation and anion sublattices and are stable in the NaCl structure over a large composition range. TiN, for example, is stable for N/Ti ratios ranging from 0.6 to 1.2. Thus, a common challenge when depositing and analyzing these functional TM The composition determination of the CrN layers by fitting XPS peaks is less reliable because the commonly used Shirley method for background subtraction does not accurately describe the experimental data. This may be related to an additional feature observed at 579 eV (for details see spectrum) and/or a Cr 2p 3/2 plasmon-loss peak.
nitride coatings is the determination of composition, since the film properties are known to be strongly dependent on the anion-to-cation ratios ͑Ref. 1͒. Two commonly used techniques for determining the nitrogen-to-metal ratio N/Me of TM nitride thin films are x-ray photoelectron spectroscopy ͑XPS͒ and Auger electron spectroscopy ͑AES͒. Obtaining reliable quantitative analysis is difficult, however, due to the following problems. ͑1͒ Reference spectra from samples with known composition are unavailable and ͑2͒ TM nitride layers are typically deposited by chemical or physical vapor deposition systems, e.g., reactive magnetron sputtering, which do not have in situ analytical facilities. Thus, the samples are air-exposed prior to XPS and/or AES analyses. This, in turn, leads to the problem of deconvoluting preferential N sputtering effects during ''sputter cleaning'' prior to chemical analysis.
The present investigation attempts to resolve both of the above listed impediments to quantitative analysis of TM nitride thin films. We present the first XPS, ultraviolet photoelectron spectroscopy ͑UPS͒, and AES data from clean, epitaxial, single-crystal TM nitride layers that were grown in situ in an ultrahigh-vacuum ͑UHV͒ magnetron sputter deposition system attached to the analysis chambers. The samples are near-stoichiometric with known N/Me ratios determined by Rutherford backscattering spectroscopy, and contain no bulk or surface impurities detectable by XPS, AES, or RBS. The spectra therefore represent reliable reference data which can be used in future investigations of TM nitride film properties vs N/Me ratio. In addition, high resolution XPS results provide insight into the ionicity of chemical bonding in these TM nitrides. Reference peak positions can be used to study local chemical environments of N and Me atoms in more complex compounds including off-stoichiometric nitrides, alloys, and nanocrystalline materials.
We also present XPS, UPS, and AES data from sputteretched samples in order to quantitatively determine the effect of preferential sputtering in TM nitrides. The clean surfaces of our epitaxial TM nitrides are sputter-etched under conditions typical for sputter cleaning of air-exposed samples until a steady state N/Me ratio is reached. As expected, strong preferential N sputtering was observed in all samples as shown in Tables I and II . The combination of in situ spectra from as-deposited and sputter-etched epitaxial TM nitrides allow researchers to obtain much more reliable analyses from air-exposed samples. "3 keV electron beam excitation… of as-deposited  epitaxial ScN, TiN, VN , and CrN layers. NÕmetal peak intensity ratios "I ␥ ÕI ␣ ,␤ ) before and after Ar ion sputtering, as determined from differentiated AES data, are compared with bulk composition data obtained by RBS. 
TABLE II. Peak positions obtained from in situ AES analyses
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